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(54) Motor controlling serial communication device 



(57) A motor controlling serial communication de- 
vice includes an upper controller (1) having a first IC (3) 
and a first connector (2), and motor drivers (10;20,30) 
having second ICs (13,23,33), second connectors and 



third (11,12,21,22,31,32) connectors. First cables 
(1 4,24,34) and second cables (40) are used for coupling 
the upper controller to the motor drivers, so that a daisy- 
chain connection is formed. 
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Description 

Field of the Invention 

[0001] The present Invention relates to a serial com- s 
municatlon device used for coupling an upper controiler 
to motor drivers to be controlled by this upper controller, 
and It also relates to the motor drivers. 

Background of the Invention 

[0002] An upper controller Is coupled to a plurality of 
motor drivers via serial communication, and an opera- 
tion command is supplied to the motors through this se- 
rial communication. This structure has prevailed recent- 
ly in the market because of saving cables and more so- 
phistication. For Instance, an upper controller Is an NC 
controller, and motor drivers are servo drivers that drive 
servo-motors. In this case, an operation command such 
as a position command, a speed command or a torque 
command is often supplied to the motor drivers from the 
upper controller. 

[0003] A serial communication is shown in Fig. 12, 
and 100BASE — T Standard is applied to the physical 
layer ot the serial communication, thereby fomning the 
foregoing instance. In Fig. 12, upper controiler 1 incor- 
porates first communication IC 3 and first communica- 
tion connector 2. Both the elements work for transmitting 
and receiving a serial communication, and are equipped 
with receiving tenninals 3r, 2r and transmitting tenninals 
3t, 2t. They are connected to each other respectively. In 
an actual operation, a pulse transfonner is disposed be- 
tween IC 3 and connector 2; however, they are omitted 
here to avoid complexity. Also in the actual operation, a 
pair signal fonned of two transmission signals or two re- 
ceiving signals is used; however, the respe<^ive signals 
are simplified to a single signal in the drawings. 
[0004] Motor driver 4 incorporates first IC 3 and first 
communication connector 2 similarly to upper controiler 
1 , and signals are transmitted or received also in a sim- 
ilar way to upper controller 1 . A plurality of motor drivers 
4 are prepared in general, and three motor drivers are 
disposed as an example in the case of Fig. 12. Hub 5 
works as a relay of communication data and is equipped 
with many of the same connectors as first connector 2. 
[0005] As a whole, upper controller 1 and ail the motor 
drivers 4 are coupled with respect to hub 5 via first com- 
munication cables 6, each of which has a transmitting 
path and a receiving path independent of each other. 
The 1 0OBASE — T STD specifies that first cable 6 uses 
four pairs of twist-pair lines (8 lines), and first connector 
2 uses RJ-45 modular jack. 

[0006] The foregoing structure employs, in general, a 
master-slave method for communication, i.e., a master 
station Issues a command and a slave station responds 
thereto. In Fig. 12, upper controller 1 Is assigned to a 
master and motor drivers 4 are assigned to slaves. A 
command data issued by upper controiler 1 is transmit- 



ted to one of motor drivers 4 via hub 5, and a response 
data from the motor driver 4 is transmitted to upper con- 
troller 1 via hub 5. After completing a transmitting/re- 
ceiving data to/from one of motor drivers 4, upper con- 
troller 1 then starts transmitting/receiving data to/from 
another motor driver 4. This operation is repeated se- 
quentially through every motor driver 4 before one com- 
munication cycle is completed. This communication cy- 
cle is executed repeatedly, thereby realizing a real-time 
transmission. 

[0007] The conventional structure discussed above 
fomris so called "a star wiring" having hub 5 at the center 
in a transmission path. However, a radial configuration 
of upper controller 1 and motor drivers 4 with hub 5 at 
its center Is practically not used because It takes space. 
The configuration as shown in Fig. 12, namely, upper 
controller 1 and motor drivers 4 are arranged side by 
side, is regularly used, in this case, first cables 6 are 
forced to be bundled at some place, which lowers wire- 
routing efficiency. An objective of the serial communica- 
tion, i.e., save-wiring, is thus not sufficiently satisfied. 
Further the presence of hub 5 increases the cost of the 
entire system. 

Summary of the Invention 

[0008] The present Invention provides a serial com- 
munication device to be used for controlling a motor, the 
serial communication device comprising the following 
elements: 

(a) an upper controiler including: 

(a-1) a first communication IC for controlling a 
communication of a set of transmitting and re- 
ceiving; 

(a-2) a first communication connector having a 
transmitting temninal connected to a transmit- 
ting tenminai of the first IC and a receiving ter- 
minal connected to a receiving temninal of the 
first IC; and 

(b) motor drivers, each one of them including: 

(b-1) a second communication IC for controlling 
a communication of a set of transmitting and 
receiving; 

(b-2) a second communication connector hav- 
ing a receiving terminal connected to a receiv- 
ing terminal of the second IC; 
(b-3) a third communication connector having 
a transmitting temnlnai connected to a transmit- 
ting temninal of the second IC, and a receiving 
terminal connected to a transmitting temninal of 
the second connector. 

[0009] In the foregoing structure, a first communica- 
tion cable having independent paths for transmitting and 
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receiving is used to connect the upper controller to the 
motor driver disposed in the front-most stage. In con- 
necting the motor drivers to each other, the first cable 
connects the third connector of a first motor driver to the 
second connector of a second motor driver, in the motor s 
driver disposed in the back-most stage, a coupling ele- 
ment that connects a transmitting temninal toa receiving 
tenninai Is connected to a third connector. The upper 
controller is daisy-chained to the respective motor driv- 
ers. 

Brief Description of the Drawings 
[0010] 

Fig. 1 is a block diagram of a motor controlling serial 
communication device in accordance with a first ex- 
emplary embodiment of the present invention. 
Fig. 2 shows a schematic diagram of the present 
invention. 

Fig. 3 is a block diagram In accordance with a sec- 
ond exemplary embodiment of the present inven- 
tion. 

Fig. 4 is a block diagram in accordance with a third 
exemplary embodiment of the present invention. 
Fig. 5 Is a detailed block diagram in accordance with 
the third exemplary embodiment of the present In- 
vention. 

Fig. 6 Is a block diagram in accordance with a fourth 
exemplary embodiment of the present invention. 
Fig. 7 is a block diagram in accordance with a fifth 
exemplary embodiment of the present invention. 
Fig. 8 is a timing chart in accordance with the fifth 
exemplary embodiment of the present invention. 
Fig. 9 is a timing chart in accordance with a sixth 
exemplary embodiment of the present invention. 
Fig. 1 0 is a block diagram in accordance with a sev- 
enth exemplary embodiment of the present inven- 
tion. 

, Fig. 11 is a timing chart in accordance with the sev- 
enth exemplary embodiment of the present inven- 
tion. 

Fig. 12 is a block diagram of a conventional motor 
controlling serial communication device. 

Detailed Description of the Preferred Embodiments 

[0011] Exemplary embodiments of motor controlling 
serial communication devices and motor drivers of the 
present invention are demonstrated hereinafter with ref- 
erence to the accompanying drawings. 

Exemplary Embodiment 1 

[0012] Fig. 1 is a block diagram illustrating the first ex- 
emplary embodiment. In Fig. 1 , upper controller 1 incor- 
porates first communication IC 3 for executing transmlt- 
receive of serial communication, and first communica- 



tion connector 2. First IC 3 Includes transmitting terminal 
3t connected to transmitting terminal 2t of first connector 
2, and first connector 2 includes receiving terminal 2r 
connected to receiving temninal 3r of first IC 3. 
[0013] Motor driver 10 incorporates second commu- 
nication connector 11, third communication connector 
12 and second communication IC13. Second connector 

11 includes receiving terminal 1 1r connected to receiv- 
ing temninal 13r of second IC 13, and second IC 13 In- 
cludes transmitting temninal 13t connected to transmit- 
ting temninal 12t of third connector 12. Third connector 

12 includes receiving temninal 12r connected to trans- 
mitting temninal lit of second connector 11 . 

[0014] Motor drivers 20, 30 have the same structure 
as motor driver 10, thus they Incorporate respectively 
second communication connectors 21 , 31 , third com- 
munication connectors 22, 32 and second communica- 
tion iC23,33. First IC 3 has the samef unction as second 
ICs 13, 23, 33; however, they are named differently for 
easier descriptions. In the same way, second connec- 
tors 11 , 21 , 31 have the same function as third connector 
12, 22, 32; however, they are named differently. 
[0015] Upper controller 1 is connected to motor driver 
1 0 via first communication cable 1 4 that has a transmit- 
ting path and a receiving path independently. Transmit- 
ting temninal 2t of first connector 2 Is connected to re- 
ceiving temninal llrof second connector 11, and trans- 
mitting temninal 11tof secondconnectorll Is connected 
to receiving terminal 2r of first connector2. Motordrivers 
10 and 20 are connected via first communication cable 
24, and motor drivers 20 and 30 are connected via first 
communication cable 34. Thus the connectors' termi- 
nals are connected to each other as follows: 12t to 21 r, 
21t to 1 2r, 22t to 31 r, and 31t to 22r. 
[0016] Third communication connector 32 of motor 
driver 30 disposed in the back-most stage Is connected 
to second communication cable 40, namely, a coupling 
element, so that transmitting tenninai 32t is connected 
to receiving terminal 32r of third connector 32 with this 
coupling element. 

[0017] This structure ailows transmission data of first 
IC 3 incorporated in upper controller 1 to travel through 
terminals 3t, 2t, 11 r, and 13r, as receipt data of second 
IC 13 incorporated in motor driver 10. Transmission data 
of second IC 13 travels through terminals 13t, 12t, 21 r 
and 23r, as receipt data of second IC 23 Incorporated in 
motor driver 20. 

[001 8] Similarly to the above operation, transmission 
data of second I C 23 is transmitted as receipt data of 
second IC 33 incorporated in motor driver 30. Then 
transmission data of second IC 33 travels through ter- 
minals 33t, 32t, 32r, 31 1, 22r, 21 1, 12r. lit, 2r and 3r se- 
quentially as receipt data of first IC 3 incorporated in up- 
per controller 1 . Therefore, communication cabies are 
routed from upper controller 1 through motor drivers 10, 
20 and 30, thereby forming a daisy chain connection. 
On the other hand, paths for data transmission fomn a 
loop that connects upper controller 1 to every motor driv- 
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er as Fig. 2 schematically shows. 
[0019] The first embodiment proves that the looped 
path can eliminate a hub, and fomri a communication 
path connecting the upper controller to every motor driv- 
er. And yet, the communication cables form a daisy 
chain, so that when the upper controller and every motor 
driver are arranged side by side to achieve an efficient 
space factor, the respective cables become the short- 
est. In other words, both of efficient space-factor and 
efficient cable-routing can be realized. 
[0020] A looped communication path, In general, 
needs a cable that connects motor driver 30 disposed 
in the back-most stage to upper controller 1 ; however, 
the first embodiment does not need It, and achieves 
more efficient cable-routing than a regular loop struc- 
ture. A cable conventionally used can be advantageous- 
ly employed as it is to the first cable. 
[0021] Fig. 1 shows three motordrivers In accordance 
with the conventional case previously described; how- 
ever, the first embodiment is not limited to this number, 
and a single piece of motor driver is applicable to the 
first embodiment. 

[0022] The first embodiment does not specify a phys- 
ical placement of the temiinals of the connectors; how- 
ever, the tenminal of second connectors 11 , 21 and 31 
can be placed reversely with respect to first connector 
2 and third connectors 12, 22 and 32. This placement 
allows first cables 14, 24 and 34 to be connected to 
physically identical connectors at their both ends, in oth- 
er words, cables of straight connection can be used. 
This point is reflected in Fig. 1 such that the first con- 
nector and the third connector have their transmitting 
terminals on uppersideand receivingtemnlnals on lower 
side as well as the second connector has its receiving 
temiinal on upper side and transmitting terminal on low- 
er side. 

[0023] A cable of straight connection is generally used 
as the cable in accordance with 1 0OBASE — T STD, and 
the cables In large quantity are available in the market 
at an inexpensive price. An adoption of the straight-con- 
nection cable can reduce the cost of the entire system. 

Exemplary Embodiment 2 

[0024] Fig. 3 shows a block diagram illustrating the 
second exemplary embodiment. In Fig. 3, switch 15 is 
prepared for shorting transmitting terminal 12t with re- 
ceiving terminal 12r of third connector 12 incorporated 
in motor driver 10. Similarly switches 25, 35 are dis- 
posed in motor drivers 20, 30 respectively. Motor driver 
30 placed in the back-most stage does not include sec- 
ond cable 40 that is available in the first embodiment, 
but Includes closed switch 35 instead. Switch 35 works 
as a coupling element and has the same function as ca- 
ble 40. Switches 15, 25 of motor drivers 1 0, 20 disposed 
In middle stages are open. Other structures stay the 
same as those of the first embodiment. 
[0025] In the structure discussed above, since closed 



switch 35 works the same as second cable 40 In the first 
embodiment, cable 40 can be eliminated. Every motor 
driver is equipped with the switch, and switch 35 of mo- 
tor driver 30 disposed in the back-most stage is closed, 
5 and other switches 15, 25 stay open, so that the same 
paths are prepared for communication data as those in 
the first embodiment. 

[0026] The second embodiment proves that second 
cable 40 working as a coupling element can be replaced 
10 with switch 35, and only setting switch 35 at open or 
close can canry out the work of the coupling element. 
Thus installation work of an apparatus including the mo- 
tors can be effk;lently done. 

[0027] Second cable 40 that has special specification 
15 of connection can be eliminated, and only first cables 
14, 24 and 34 can connect the elements in this device, 
which means that the cables widely available and in ac- 
cordance with 100BASE — T STD can connect the ele- 
ments in this device. This allows procurement and man- 
20 agement of components to be simple. 

Exemplary Embodiment 3 

[0028] If a transmission path for communication data 
25 is broken by, e.g., disconnection, a motor driver recog- 
nizes the wire-break because a command data from an 
upper controller does not arrive at the motor driver. In 
this case, the command data is usually transmitted in a 
time-Interval under nomrial operation, thus non-anival of 
30 data is recognized by the motor driver, naturally, after a 
longer time than the interval has passed. 
[0029] Forthe safety at a wire-break, it had better pre- 
pare an Independent transmission path for an emergen- 
cy-stop signal to the motor. Further the emergency-stop 
3S signal is desirably transmitted always and continuously, 
while regular data is transmitted In a time interval. Fig. 
4 shows a block diagram illustrating the fourth embodi- 
ment taking this remark discussed above into consider- 
ation. 

40 [0030] Upper controller 1 incorporates emergency- 
stop commanding section 7, which supplies a signal to 
temainal 2e of first connector 2. IVIotor driver 1 0 incorpo- 
rates emergency-stop signal processing section 16, 
which supplies a signal to both of terminal 1 1 e of second 

45 connector 1 1 and temninal 1 2e of third connector 1 2. In- 
ner structures of motor drivers 20, 30 are similar to that 
of motor driver 1 0. 

[0031 ] First cables 1 4. 24 and 34 between upper con- 
troller 1 and respective motor drivers 1 0, 20 and 30 carry 
50 a signal from emergency-stop commanding section 7 to 
emergency-stop signal processing sections 16, 26 and 
36. Other structures remain the same as those in the 
first embodiment. 

[0032] in actual, a pair of signal lines Is used; howev- 
55 er, in order to avoid complexity, a single line represents 
the pair of lines as the first and second embodiment do. 
[0033] Fig. 5 details commanding section 7 and 
processing section 16, and other elements not related 
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to the emergency-stop process are omitted. Signal ilnes 
are not simplified as Fig. 4 does, but each one of them 
is drawn In two lines. In Fig. 5, emergency-stop com- 
manding section 7 is formed of a circuit including power 
supply 7a serially connected to switch 7b which stays 
usually in ON status. Emergency-stop processing sec- 
tion 16 incorporates photo-coupler 16a, resistor 16b 
which controls electric current of a primary diode, and 
pull-up resistor 16c that sets a secondary signal level. 
Processing section 16 detemiines, depending on a level 
of signal 1 6d, whether or not to execute an emergency- 
stop. 

[0034] In the foregoing structure, an ON status of 
switch 7b allows electric current to flow through the pri- 
mary diode of photo-coupler 16a, which turns on the 
secondary transistor, and output signal 16d turns to level 
■L". When commanding section 7 turns off switch 7b to 
issue an emergency-stop command, the electric current 
for the primary diode of photo-coupler 1 6a stops and the 
secondary transistor turns off, then output signal 1 6d 
turns to level "H". In this status, processing section 16 
executes the emergency stop. When switch 7b is tuned 
on, if the signal path in first cable 14 is broken due to 
wire-break or dismounting of a connector, the electric 
current to the primary diode of photo-coupler 16a is 
stopped, so that the status becomes similar to switch 7b 
being turned off. The emergency-stop command is thus 
executed. In other words, a disconnection of the signal 
path in first cable 14 activates the processing of the 
emergency-stop command. 

[0035] According to the third embodiment, a path for 
an emergency-stop signal to a motor driver is prepared 
independent of a regular path for communication data, 
and when the signal changes, the emergency-stop can 
be executed immediately without any delay. Therefore, 
the stmcture according to the third embodiment can in- 
crease the reliability of processing an emergency-stop. 
Further, even if a signal path in first cable 14 is broken 
due to, e.g., wire-break, the emergency-stop can be ex- 
ecuted. Thus this structure assures safety operation. 
[0036] Cables and connectors in accordance with 
1 0OBASE — T STD include four signal paths, In general. 
Two paths are used for transmission and reception, and 
there still remain two paths. Thus one of the remaining 
two paths can be assigned to an emergency-stop signal. 
In other words, a conventional cable can be used as it is. 
[0037] Switch 7b is not always a mechanical one, but 
it can be an electronic switch such as a transistor, and 
photo-coupler 16a can be replaced with a transistor 

Exemplary Embodiment 4 

[0038] Some servo-motors include an absolute en- 
coder that can retain an absolute position even if a pow- 
er supply is broken. A battery Is used, In general, for 
retaining an absolute position when a power supply Is 
broken. This battery Is often mounted to a motor driver. 
However, in the case of using many motor drivers, it is 



a cumbersome work to mount a battery to each driver, 
monitor the battery life, and replace the battery timely. 
Thus the batteries are desirably put under one umbrella, 
I.e., an upper controller, to be managed, Instead of being 
5 attached to respective drivers. The fourth embodiment 
realizes this Improvement, and Fig. 6 Illustrates the 
fourth embodiment. 

[0039] Battery 8 for retaining data is disposed in upper 
controller 1 , and a power line from battery 8 Is connected 

10 to temninal 2b of first connector 2. Absolute encoder 1 7 
is connected to motor driver 10, and a power line, ex- 
tending from encoder 1 7, for backing up a failure of the 
power source is connected to temninal 11b of second 
connector 1 1 and terminal 1 2b of third connector 1 2. The 

15 Inner structure of motor drivers 20, 30 are similar to that 
of motor driver 10. First cables 14, 24 and 34 between 
upper controller 1 and respective motor drivers 1 0, 20 
and 30 supply power from battery 8 to respective en- 
coders 17, 27 and 37. Other structures stay the same 

20 as those in the first embodiment. Respective signals run 
through a pair of lines; however, they are drawn In one 
single line as the first embodiment does for simplifying 
the drawings. 

[0040] According to the fourth embodiment, battery 8 

25 for retaining data Is disposed in upper controller 1 and 
supplies power to respective absolute encoders 17, 27 
and 37 via first cables 14, 24 and 34. This structure al- 
lows the maintenance work of battery 8, such as moni- 
toring the battery life, replacing the battery, to be cen- 

30 trailzed and done with ease. 

[0041] Cables and connectors in accordance with 
100BASE — TSTD include four signal paths, in general. 
Two paths are used for transmission and reception, and 
there still remain two paths. Thus one of the remaining 

35 two paths can be assigned to a power line for the en- 
coders. In other words, a conventional cable can be 
used as it is In this embodiment. 
[0042] The fourth embodiment aims to place battery 
8 at one place for centralizing the battery management, 

40 therefore, battery 8 is not necessarily placed in upper 
controller 1 , but It can be placed inside any one of the 
motor drivers or outside. 

Exemplary Embodiment 5 

45 

[0043] When plural motors are to work cooperatively 
or to carry out an identical operation, the command data 
from an upper controller Is desirably reflected simulta- 
neously to controlling every motor driver The feedback 

50 data from the motor drivers to the upper controller is de- 
sirably sampled in every motor driver simultaneously. 
The fifth embodiment realizes this case. 
[0044] Fig. 7 shows a block diagram illustrating an in- 
ner structure of second IC 13 in accordance with the fifth 

55 embodiment. Other second ICs 23, 33 have the same 
structure as first IC 13. Data receiving section 13a re- 
ceives communication data from receiving terminal 13r 
and takes out a command data to be supplied to motor 
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driver 10. 

[0045] Data transmitting section 1 3b outputs a control 
data in motor driver 1 0 as a communication data. Trans- 
mission data selector 13d selects one of receive data 
from receiving temiinal 13r or transmission data from 
transmitting section 13b, and outputs it to transmitting 
terminal 13r. The selection is controlled with transmis- 
sion-mode switching signal 13s sent from communica- 
tion timing counter 1 3c.ln a first transmission mode, the 
receive data from receiving terminal 13r is supplied to 
transmitting terminal 13t, and in a second transmission 
mode, transmission data from data transmitting section 
13b is supplied to temninal 13t. 
[0046] Timing counter 13c is reset at a time when a 
data receiving section receives a command nomrially 
from upper controller 1 , and transmission mode switch- 
ing signal 13s is controlled based on this count-value. 
Other structures remain the same as those in the first 
embodiment shown in Fig. 1. 

[0047] Fig. 8 is a timing chart showing an operation of 
the fifth embodiment. In the upper column, data ob- 
sen^ed at receiving temriinai 3r of first IC 3. Command 
data from controller 1 are shown on its upper side, and 
feedback data from motor drivers 10, 20 and 30 are 
shown on its lower side. In the middle column, counted 
values by timing counters 1 3c, 23c and 33c are shown. 
In the lower column, transmission mode switching sig- 
nals 13s, 23s and 33s are shown. When those signals 
stay at level "L", the first transmission mode Is activated, 
and when the signals stay at level "IH", the second trans- 
mission mode is activated. 

[0048] In Fig. 8, upper controller 1 transmits a com- 
mand data including commands to all motor drivers 10, 
20 and 30 at timing t1. At this time, switching signals 
13s, 23s and 33s are ali stay at level "L" and they are 
regulated in the first transmission mode. Thus the com- 
mand data takes bypath in all motor drivers 1 0, 20 and 
30, and data receiving sections 1 3a, 23a, and 33a within 
the drivers nomially take in the command data at timing 
t2. At this timing t2, timing counters 13c, 23c and 33c 
are reset. Since data receiving sections 13a, 23a and 
33a take In the command data simultaneously, all 
counters 1 3c, 23c and 33c can be reset at the same tim- 
ing. 

[0049] Because each counter has the same count-up 
speed, they operates simultaneously after they nomially 
receive the first command data. Second IC 13 turns into 
the second transmission mode at timing t3 based on a 
count value of the counter, and transmits the control da- 
ta in motor driver 1 0 as a feedback data to upper con- 
troller 1 . At timing t4 when the transmission is complet- 
ed, iC 13 returns to the first transmission mode. 
[0050] In a similar way to second IC 1 3, second IC 23 
turns to second transmission mode at timing t5 and 
transmits a feedback data of motor driver 20 to upper 
controller 1 , and returns to the first transmission mode 
at timing t6 when the transmission Is completed. Second 
IC 33 turns to the second transmission mode at timing 



t7 to transmit a feed back data in motor driver 30, and 
returns to the first transmission mode at timing t8 when 
the transmission Is completed. The timings t3 through 
t8 have been preset in the respective motor drivers in 

s advance of starting the communication. 

[0051 ] In thef Ifth embodiment, three motor drivers are 
used, and the feedback data of all the motor drivers are 
completely transmitted at timing t8. A series of opera- 
tions up to this completion constitute one communica- 

10 tlon cycle. In other words, the operations of starting the 
command data (t1) through starting the next command 
data (t9) constitute one communication cycle, and this 
cycle Is repeated. In one communication cycle, all the 
motor drivers execute the sampling of feedback data at 

15 timing t1 0 and the reflection of the command data to the 
control at timing t11 simultaneously. Both of the timings 
t1 0 and t1 1 are preset at all the motor drivers in advance 
of starting communication, and they can be any timings, 
for instance, tlO = til is acceptable. 

20 [0052] According to the fifth embodiment, all the mo- 
tor drivers are equipped respectively with timing 
counters 1 3c, 23c and 33c which carry out the same op- 
eration, so that respective motor drivers 10, 20 and 30 
can carry out a reflection of a command data to the con- 

25 trol and a sampling of a feedback data. As a result, in 
the case of operating plural motors cooperatively, the 
motors can be precisely controlled free from a time lag 
between respective motors. 

[0053] In the fifth embodiment, the feedback data are 
30 transmitted from motor drivers 1 0, 20 and 30 in this or- 
der; however, the data can be transmitted in any order. 
When the first transmission mode is active, the data 
from receiving terminal 1 3r is supplied as it is from trans- 
mitting terminal 13t; however, the transmission can be 
3S done in this way: the data once received at data receiv- 
ing section 1 3a can be supplied to data transmitting sec- 
tion 1 3b. Counter 1 3c and selector 1 3s can be disposed 
outside second IC 13. 

40 Exemplary Embodiment 6 

[0054] A communication data Is sometimes Interrupt- 
ed by, e.g., wire-break of the cables, in this case, amotor 
driver must detect this failure with reliability and slop the 
45 motor with safety. The sixth embodiment provides an ex- 
ample of simply detecting an Interruption of the commu- 
nication data. 

[0055] A structure of the sixth embodiment is similar 
to that of the fifth embodiment, and an operation of the 

50 sixth embodiment is demonstrated with reference to the 
timing chart shown in Fig. 9. In Fig. 9, the upper column 
shows a command data from upper controller 1 at its 
upper side as Fig. 8 does, and a feedback data from 
motor drivers 1 0, 20 and 30 is shown its lower side. The 

55 middle column shows values counted by counter 13c 
and threshold values 1 3f to be compared with the count- 
ed values. Communication time-out detecting signal 
13e, which turns to level "H" when the comparison 
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shows that a value counted by counter 13c exceeds a 

threshold value 13f, Is listed In the lower column. Be- 
cause a command data from upper controller 1 is re- 
ceived at timing t1 2 nonnally, counter 13c is reset; how- 
ever, this is the last command data and further data is s 
inten'upted. Therefore, counter 1 3c is not reset at timing 
t13 when a command data should have arrived, and 
counter 13c keeps counting up. At timing t14, the count- 
ed value exceeds threshold value 1 3f preset, thus time- 
out detecting signal 1 3e turns to level "H", whereby mo- 
tor driver 1 0 detects an Inten^uptlon of the command da- 
ta and executes stopping the motor. Motor drivers 20, 
30 do the same operation. 

[0056] The sixth embodiment proves that counter 
1 3c, one of structural elements of the fifth embodiment, 
can be used as it is for detecting an interruption of a 
command data. Thus a simple structure can be 
achieved. 

Exemplary Embodiment 7 

[0057] In driving a servo-motor, a motor driver, using 
a PWM inverter in which a triangular wave is used as a 
carrier signal, is generally employed. In this case, an 
output voltage Is updated at a timing synchronized with 
a earner signal. A computing of servo-control is thus of- 
ten carried out synchronizing with a canier cycle. Re- 
flection of a command data to the control and sampling 
of a feedback data are, therefore, carried out at a timing 
synchronized with the canrier cycle. The fifth embodi- 
ment previously discussed synchronizes the reflection 
and the sampling with a communication cycle, so that 
the motor driver that carries out computing the servo- 
control in sync with the carrier cycle cannot be applica- 
ble to the fifth embodiment. This seventh embodiment 
thus aims to bring the communication cycle Into sync 
with the servo-control computing. 
[0058] Fig. 10 is a block diagram illustrating a struc- 
ture of the seventh embodiment This structure is dis- 
posed in motor driver 1 0, and demonstrated hereinafter 
In connection with only driver 1 0. The other motor driv- 
ers 20 and 30 have similar structures to that of driver 
10. In Fig. 10, carrlersignal generator 100 outputs PWM 
carrier signal 102 in triangular wave having a cycle 
based on carrier cycle command 101 . A comparison be- 
tween PWM carrier signal 102 with an output voltage 
value results in a difference fomiing a pulse width mod- 
ulation (PWM) signal that drives the motor. 
[0059] Servo-start timing signal generator 1 03 gener- 
ates and outputs a pulse signal synchronized with PWM 
cam'er signal 102 as servo-start timing signal 104. Ser- 
vo-controller 1 05 starts computing the servo-control pe- 
riodically responsive to this signal 104. In this computing 
process, a command data from upper controller 1 Is re- 
flected to the control. Communication timing signal gen- 
erator 1 06 outputs a pulse signal synchronized with the 
communication cycle based on a count value of counter 
13c as communication timing signal 107. Delay-time de- 



tector 108 measures and outputs delay-time 109 of ser- 
vo-start timing signal 104 with respect to timing signal 
107. Deviation detector 110 outputs a difference be- 
tween reference delay-time 111 preset and actual delay- 
time 109. Canrier cycle generator 112 multiplies the dif- 
ference in delay-time by control-gain 112a. and earner 
cycle 112b Is added to a product of this multiplication. 
The result is output as earner cycle command 1 01 . An 
Identical value to the communication cycle has been as- 
signed, in advance, to reference canier cycle 112b. 
[0060] An operation of the structure discussed above 
is demonstrated hereinafter with reference to the timing 
chart shown In Fig. 11 . In an example shown in Fig. 11, 
sen^o-start timing signal 104 and timing signal 107 are 
pulse signals of negative logic, and Indicate a timing with 
their falling edge. In order to facilitate understanding, 
Fig. 11 shows that servo-start timing signal generator 

103 outputs servo-start timing signal 104 as a pulse 
when PWM carrier signal reaches 0 (zero). The com- 
parison between PWM earner signal 102 and an output 
voltage results in a PWM signal that drives the motor. If 
the output voltage is updated at any time, an unexpected 
PWM signal is sometimes produced, thus the output 
voltage is often updated when PWM carrier signal 102 
takes a minimum value or a maximum value. Since the 
computing of servo-control produces the output voltage, 
the timing of starting the sen/o-control computing and 
the sampling timing of the feedback data are generally 
synchronized with PWM carrier signal 102. 

[0061] First, at timing tlOO sen^o-start timing signal 

1 04 agrees with communication timing signal 1 07 in tim- 
ing, and delay-time 109 Is 0 (zero). Assume that refer- 
ence delay-time 111 has been preset at 0 (zero). In this 
ease, reference delay-time 111 agrees with actual de- 
lay-time 109, and there is no difference, so that refer- 
ence carrier cycle 1 1 2b straightly becomes carrier-cycle 
command 101, and PWM carriersignal 1 02 is generated 
such that its cycle becomes a reference value. Refer- 
ence amplitude 1 1 3 becomes equal to the amplitude lev- 
el of the then PWM carrier signal 1 02. 

[0062] Next, at timing t1 01 , signal 1 04 delays with re- 
spect to signal 1 07, and the delay-time Is Indicated with 
'tdr. Deviation detector 110 thus outputs "— tdl", and 
carrier cycle command 101 takes a value smaller than 
reference carrier cycle 112b. Fig. 11 shows the case 
where PWM earner signal 102 rises and falls at a con- 
stant speed, and signal 102 returns before reaching ref- 
erence amplitude 113. As a result, the cycle is shorter 
than the reference value. Thus the coming pulse-timing 
t1 02 of servo-start timing signal 1 04 comes eariier, and 
"td2" of delay-time 109 at this moment is smaller than 
"tdV. This operation is repeated, and in due course, sig- 
nal 104 agrees with signal 107. Fig. 11 shows that they 
agree with each other at timing t1 03. 
[0063] As such, if communication timing signal 107 
differs from sen/o-start timing signal 1 04 In timing, signal 
104 Is feedback-controlled such that it follows signal 
107, and the timings of the two signals agree with each 
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other in due course. 

[0064] Fig. 11 shows a case where signal 104 is be- 
hind signal 107; however, if signal 104 Is ahead of signal 
107, a similar control is carried outjustchanging a sign 
of delay time 109. Reference carrier cycle 112b has s 
been preset, in advance, at the same value as the com- 
munication cycle. Even if this value is somewhat differ- 
ent, carrier cycle command 101 is operated to cancel 
an error, thus no problem occurs. 
[0065] Under the feedback control, a smaller control- 
gain generally stabilizes an operation; however, in a 
simple structure such as the control-gain Is formed of 
only proportional elements, asmall control-gain Increas- 
es a steady-state deviation, thus a controlled value can- 
not agree with a target value. In the seventh embodi- 
ment, however, reference delay-time 1 1 1 can be set an- 
ticipating an errortime due to the steady-state deviation. 
A small value of control-gain 112a thus does not cause 
any problem. When reference carrier cycle 112b is set 
at an identical value to the communication cycle, no 
steady-state deviation occurs even if control-gain 112a 
is small. The seventh embodiment, as discussed above, 
advantageously expects no problem at a small control- 
gain 112a. 

[0066] According to the seventh embodiment, the cy- 
cle of PWM canier signal 1 02 is adjusted such that de- 
lay-time 109 between communication timing signal 1 07 
and servo-start timing signal 104 becomes equal to ref- 
erence delay-time 111. This adjustment allows synchro- 
nizing the communication cycle with the servo-control 
computing. 

[0067] The foregoing description using Fig. 1 1 refers 
to the case where reference delay-time 111 is 0 (zero). 
A change of this value can set the delay-time of servo- 
start timing signal 104 at an any value with respect to 
timing signal 107. An appropriate setting of this value 
thus can minimize a time for reflecting a command data 
obtained through communication to the control, so that 
control perfomiance can be improved. A sampling tim- 
ing of the feedback data can be set agreeable with tim- 
ing tic in a similar way to what is discussed above. 
[0066] Since PWM canier signal 1 02 eventually syn- 
chronizes with the communication cycle, the PWM sig- 
nals of all the motor drivers synchronize with the com- 
munication cycle. Synchronization of the PWM signals 
of plural motor drivers is known to reduce noises and 
vibrations. The seventh embodiment thus has such an 
advantage. 

[0069] If a pulse of timing signal 1 07 is not detected, 
reference carrier cycle 112b can be used as carrier cycle 
command 101 , or command 101 can be kept at a pre- 
vious value without being updated. These structures 
can avoid inconveniences due to cycle disturiaance of 
PWM carrier signal 102. This avoidance can be can-led 
out In a period after motor driver 1 0 Is powered through 
before upper controller 1 starts transmitting communi- 
cation data, or In a case where communication data can- 
not be obtained due to power failure or the like. These 



structures are also effective in a case of the control cycle 
where no pulse can be obtained even in nonmal opera- 
tion because the communication cycle is an integer mul- 
tiple of a servo-control cycle. 
[0070] After control-gain 1 12a is multiplied by a delay- 
time difference, saturation process can be added, there- 
by restricting a variation width of earner cycle command 
101. This structure can avoid inconveniences due to a 
transitional large change In the cycle of PWM carrier sig- 
nal 102. 

[0071] Further, signal 107 can be generated by other 
structural means than timing counter 13C shown In Fig. 
10 as far as signal 107 keeps synchronizing with the 
communication cycle. 

[0072] According to the present invention, a commu- 
nication path and a path for communication cables dis- 
posed in motor drivers are integrated into a looped com- 
munication path, thereby eliminating a hub. Further, 
communication cables are routed in a daisy-chain man- 
ner, thereby improving a space factor of the upper con- 
troller and the motor drivers and Increasing an efficiency 
of cable-routing. 

[0073] According to the present invention, a second 
communication cable can be eliminated and replaced 
with a switch, thereby increasing woric-efflclency in in- 
stalling the device. 

[0074] According to the present Invention, an Inde- 
pendent path Is prepared for emergency-stop signal, 
thereby executing an emergency stop immediately with- 
out delay. An emergency stop can be processed even 
when a wire-break occurs, so that a safety operation can 
be expected. 

[0075] According to the present invention, a battery 
for retaining data Is disposed in a upper controller In- 
stead of being installed in respective motor drivers, and 
the power is supplied to respective absolute encoders 
via a first communication cable. This structure allows 
monitoring the battery life and replacing the battery with 
ease. 

[0076] According to the present invention, all the mo- 
tor drivers simultaneously carry out reflecting a com- 
mand data to the control and sampling the feedback da- 
ta by referencing to a timing-counter disposed in the mo- 
tor drivers. This structure improves accuracy In cooper- 
ative operation by the motor drivers. 
[0077] According to the present invention, the timing 
counter can be usedfor detecting an interruption of conr^ 
municatlon data, thereby simplifying the structure. 
[0078] According to the present invention, a cycle of 
a PWM canier signal is adjusted such that a delay time 
between a communication timing signal and a servo- 
start timing signal can be a reference value, thereby syn- 
chronizing a communication cycle with a servo-control 
computing. 
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Claims 

1. A serial communication device for controlling mo- 
tors, the device comprising: 

an upper controller Including: 

a first communication IC for controlling 
communication of a set of transmitting and 
receiving; 

a first communication connector having a 
transmitting tenninal coupled to a transmit- 
ting terminal of the first IC and a receiving 
tenninal coupled to a receiving temnlnal of 
the first IC, and 

a motor driver Including: 

a second communication IC for controlling 
communication of a set of transmitting and 
receiving; 

a second communication connector having 
a receiving tenninal coupled to a receiving 
temfiinal of the second IC; 
a third communication connector having a 
transmitting temninai coupled to a transmit- 
ting tenninal of the second IC and a receiv- 
ing temnlnal coupled to the transmitting ter- 
minal of the second connector, 

wherein, in a connection between the upper 
controller and the motor driver disposed in a front- 
most stage, a first communication cable that has a 
transmitting path and receiving path independently 
couples the first connector to the second connector, 

wherein, in a connection between the respec- 
tive motor drivers, another first communication ca- 
ble couples the third connector of the first motor 
driver to the second connector of the second motor 
driver, and 

wherein, a coupling element, which couples a 
transmitting tenninal to a receiving tenninal of the 
third connector of the motor driver disposed in a 
back-most stage, 

for forming a daisy-chain connection between the 
upper controller and the motor drivers. 

2. The serial communication device of claim 1 , where- 
in the coupling element Is a second communication 
cable that shorts the transmitting terminal and the 
receiving terminal of the third connector in the motor 
driver. 

3. The serial communication device of claim 1 , where- 
in the coupling element Is a switch that shorts the 
transmitting temninai and the receiving temnlnal of 
the third connector In the motor driver. 



4. The serial communication device of claim 1 , where- 
in the first cable Includes a path for an emergency- 
stop signal which turns to be active when a connec- 
tion is open. 

5 

5. The serial communication device of claim 1 , where- 
in the first cable includes a powering path for a bat- 
tery which retains data of an absolute encoder, and 
the battery disposed at one place supplies power to 

10 the motor drivers via the first cable. 

6. The serial communication device of claim 1 , where- 
in the second IC includes: a first transmitting mode 
which transmits a received data as It is; 

15 a second transmitting mode which transmits 

a data in the motor driver; and 

a communication timing counter disposed in 
the motor driver and to be initialized at a timing 
when a command data from the upper controller is 

20 received, 

wherein the serial communication device In- 
cludes a communication cycle such that at first all 
the second ICs are in the first transmitting mode and 
receive simultaneously the command data from the 

25 upper controller, next the second ICs in the respec- 
tive motor drivers tum to the second transmitting 
mode sequentially based on a value of the timing 
counter and transmit feedback data to the upper 
controller, and when all the motor drivers complete 

30 transmitting the feedback data, one communication 
cycle is ended, 

wherein all the motor drivers simultaneously 
carry out, based on values of the timing counter, re- 
flecting the command data to control and sampling 

35 the feedback data. 

7. The serial communication device of claim 6, where- 
in when the timing counter counts a value exceed- 
ing a preset value, the motor driver stops a motor 

40 

8. A motor driver comprising: 

a carrier signal generator for outputting a pulse 
width modulation (PWIVI) carrier signal having 

45 a cycle based on a carrier cycle command; 

a servo-start timing signal generator for gener- 
ating a timing signal for starting servo-control, 
the timing signal being synchronized with the 
PWM can'ier signal; 

50 a servo-controller for starting servo-control pe- 

riodically responsive to the servo-start timing 
signal; 

a communication timing signal generator for 
outputting a timing signal synchronized with a 
55 communication cycle; 

a delay-time detector for detecting a delay-time 
between the communication timing signal and 
the servo-start timing signal; 
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a deviation detector for detecting a difference 

between a preset reference delay-time and the 
delay-time detected by the delay-time detector; 
and 

a carrier cycle generator for outputting a result s 
of adding a reference can-ier cycle to a product 

of multiplying the delay-time difference by a 
control gain, as the cannier cycle command. 
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